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INTERNATIONAL JOINT COMMISSION

Report to United States of America and Canada
on Investigation of the International
Passamaquoddy Tidal Project
Maine and New Brunswick

REFERENCE TO THE INTERNATIONAL JOINT COMMISSION

The Governments of the United States and
Canada forwarded on August 2, 1956, to the
International Joint Commission identical
letters requesting the Commission to conduct
investigations and to submit a report on the
proposed international Passamaquoddy Tidal
Power Project. This request was made in
accordance with the Boundary Waters Treaty
of 1909 and with United States Public Law 401,
84th Congress, 2d Session, approved January
31, 1956, The full text of the Reference
of the two Governments is guoted below:

"In accordance with the provisions of
Article IX of the Boundary Waters Treaty of
January 11, 1909, the Governments of Canada
and the United States have agreed to refer
and do hereby refer to the International
Joint Commission the following matters for
joint examination and advisory report, in-
cluding conclusions and recommendations:

(a) It is desired that the Commission
determine the estimated cost of developing
the international tidal power potential of
Passamaquoddy Bay in the State of Maine and
the Province of New Brunswick, and determine
whether such cost would allow hydroelectric
power to be produced at a price which is
economically feasible;

{b} The Commission is requested to de~
termine the effects, beneficial or otherwise,
which such a power project might have on the
local and naticnal economies in the United
States and Canada, and to this end, to study
specifically the effects which the construc-
tion, maintenance and operation of the tidal
power structures might have upon the
fisheries in the area.

In the discharge of its responsibilities
under this reference, the Commission is re-
quested to review and, insofar as is prac-
ticable, make advantageous use of existing
reports and plans such as the Report of
March 15, 1950, submitted by the Interna-
tional Passamaquoddy Engineering Board to
the Commission and the supplemental report
of May 1952 prepared by the United States
Army Corps of Engineers on the details of
estimate of cost of a comprehensive investi-
gation of the Passamaquoddy tidal power
project. Having regard to the foregoing,
the Commission should determine the most
desirable general project design from the
viewpoint of the public interest in United
States and Canada respectively -- such design
to include plans for structure and appurte-
nant works in sufficient detail to form the
basis of dependable cost estimates and con-
siderations of economic feasibility.

In the conduct of its investigations, and
otherwise in the performance of its duties
under this reference, the Commission may
utilize the services of specially qualified
engineers and other experts of the technical
agencies of the United States and Canada and
will, so far as possible, make use of any
pertinent data that may be available in such
agencies or which may become available during
the course of the investigations, thus avoid-
ing duplication of effort and unnecessary
expense.

The United States Government is willing,
subject to the availability of funds, to
incur cost in connection with this survey up
to $3, 000, 000 and the Canadian Government is
willing to incur costs up to $300,000. Each



Government has the right to participate at its
own expense in all aspects of the survey to
an extent appropriate with its interest. In
making administrative arrangements for the
necessary surveys and studies, the Com-
mission should give suitable effect to these
responsibilities.

The costs incurred by the Governments of
the United States and Canada respectively
under this Reference will be credited against
the costs to be borne by each of the Govern-
ments in the event that the project should
be constructed as a joint undertaking by the
two Governments, The decision of the two
Governments to refer this study to the Com-

mission does not imply any commitment re-
garding the eventual construction of the project.

It is the desire of both Governments that
the Commission endeavour to complete its
various surveys, investigations, studies and
other activities under the Reference within
a three-year period. Upon completion, it is
requested that the Commission prepare and
submit to the Governments of the United
States and Canada a comprehensive report
covering the subject matter of this Refer-
ence, The Commission's report should in-
clude the details of the specific design, cost
estimates, and an estimate of the benefits
to be derived or the losses to result from
this project. "



BACKGROUND OF THE PROJECT

Power from the Tides

The ocean tides have long been envisioned
as a source of power. ""Tide mills" were con-
structed in Furope as early as the 11th cen-
tury and in America as early as 1617. Such
small tidal hydro-mechanical power develop-
ments were practical for grinding corn or
spices as the work could be adjusted to the
periodic and varying power from the tides.
Electrification and the rapid industrial and
economic growth of the 20th century, however,
have established a heavy growth in demand for
electric power, and today the economic uti-
lization of power requires its availability
on a controlied schedule., Therefore, a tidal
power project must be capable of sustaining
dependable power production from the tides
or be interconnected with other power sources
and so operated that the coordinated capabil -
ity would conform to the needs of the power
load.

Utilization of the tides to generate a
substantial qua\ntity of power requires provi-
sion for the storage of large quantities of
water so that discharges may be made from a
higher to a lower elevation through hydraulic
turbines. A large single pool may be built
to entrap or exclude water from the ocean,
but generation of power is limited to those
times in the tidal cycle when the differen-
tial in elevation between the ocean and the
pool is sufficient for operation of the tur-
bines. A combination of two storage pools
for simultaneous entrapment and exclusion of
water from the ocean can, however, provide
for some generation at all times. Also,
either single or two pool projects may be
arranged to accommodate reversible units
capable of pumping or generating from flow
in either direction, thus further increasing
the power potential and providing greater
flexibility for coordinated operation with
other power socurces. As compared to most
river hydroelectric projects the potential
average hydraulic head of tidal projects is
quite small; but the very large quantities
of water available for power production are
accurately predictable for many vears in the
future.

Passamaquoddy Bay located near the mouth
of the Bay of Fundy experiences smaller tidal

ranges than those occurring in the head of

that bay in Canada. The site, by reason of
adjacent Cobscook Bay and the narrow passages
among islands with inter-spaced shoal areas
offers many alternatives for one or two pool
schemes. The large area of Passamaquoddy
Bay with the substantial additional area of
Cobscook Bay is faveorable for a two pool

plan.

Prior Surveys of the Passamaquoddy Project

From 1924 to 1934 Dexter P. Cooper, Inc.
prepared plans originally for an interna-
tional tidal power project at Passamaquoddy
and Cobscook Bays, but later for a project
located wholly in the United States. The
United States' Federal Power Commission in
its review of the Dexter P. Cooper, Inc.
loan application to the Federal Emergency
Administration of Public Works reported ad-
versely on the project in January 1934 and
the loan was not approved. The project as
finally revised would have had an initial
installation of 235, 000 kilowatts with pro-
vision for an additional 100, 000 kilowatts.

In 1927 Murray and Flood, Engineers, of
New York, N. Y. reported on the international
project proposed by Cooper, They estimated
that an installed capacity of 400, 000 kilo-
watts with a firm capacity of 122, 000 kilowatts
could deliver 1, 594 million kilowatt hours
annually to Woburn, Massachusetts, at an
average cost of 8. 09 mills per kilowatt-hour.
The total estimated cost of the project at
1926-27 price levels, was $125 million,

In 1935 the Passamaquoddy Bay Tidal Proj-
ect Commission of the United States' Federal
Emergency Administration of Public Works
recormnmended construction of an initial Cobs.
cook Bay project, all within the State of
Maine, at an estimated cost of $30 rmillion.

An untimate project was contemplated to em-

brace the Passamaquoddy Bay. The recommended

initial project was approved by the United
States Government and $10 million (later re-
duced to $7 million) was allotted to the

U. 5. Army, Corps of Engineers to start con-
struction.

The Corps of Engineers estimated that the
initial project with a modified design would



cost $61,500, 000. A review board raised this
estimate to $68, 158, 000. Work progressed un-
til August 1936 with an expenditure of about

$7 million, and was discontinued due to lack

of further appropriations by the Congress.

In 1941, the Federal Power Commission in
a report prepared pursuant to Senate Resolu-
tion 62, T6th Congress, lst Session, con-
cluded that Passamaquoddy tidal power (devel-
opment of U, 5. waters only) could not com-
pete successfully at that time with river
hydrcelectric power potentially available in
the State of Maine, or with power from mod-
ern, efficient steam-electric plants. The
Commission stated, however, that this conclu-
sion should not preciude thorough exploration
of the possibilities of a large international
tidal power project at Passamaquoddy by the
Governments of the United States and Canada.,

Prior Activities of 1.J.C. Relative to the
Passamaguoddy Project

The Governments of the United States and
Canada by a formal reference dated November
9, 1948, requested the International Joint
Commission to review the then existing plans
for the construction of tidal power plants

at Passamagquoddy and Cobscook Bays and report

on the scope and cost of a survey necessary
to determine whether the plans then proposed
or any other plans for using these waters for
generation of electric power would be practi-
cable and desirable.

The Commission appointed an International
Passamagquoddy Engineering Board to advise it
on the technical phases of the study. In its
report to the two Governments dated October
20, 1950, the International Joint Commission
concluded that the economic feasibility of
an international tidal power project at

Passamaquoddy Bay could be determined only
after careful and detailed investigations

had been made. The cost of the necessary
survey was estimated to be about $3, 900, 000,
including $300, 000 for investigation of the
fisheries problem.

Subsequent to completion of the Commis-
sion's 1950 report on the Passamaquoddy
project, the Corps of Engineers and the
United States Geological Survey concluded
from experiments with modern techniques in
underwater foundation exploration that the
over-all survey cost could be reduced., Ac-
cordingly, the Corps submitied in May 1952
to the International Joint Commission a re-
vised cost estimate of $3, 000, 000, including
$300, 000 for fisheries investigations.

Objectives of the Current Survey

The objectives of the current survey are

. to determine the cost of developing an inter-

national tidal power project in Passamaquoddy
and Cobscook Bays and whether such a project
would be economically feasible. More specif-
ically: to determine the most desirable gen-
eral project design in sufficient detail for
prepatration of dependable cost estimates; to
determine the effects which such a project
might have on the local and national econo-
mies in the United States and Canada; to de-~
termine the present and future electric power
reguirements in Maine and New Brunswick and
the ability of the tidal project to supply

these requirements; to determine the value

of the tidal power in the market area, as
compared to the cost of its development; and
to study the effects which the construction,
maintenance and operation of the tidal power
structures might have upon the fisheries in
the area,



INVESTIGATION PROCEDURE

International Passamaquoddy Engineering
Board and International Passamaquoddy
Fisheries Board

To assist in the investigation, the Com-
mission established two separate boards, the

International Passamaquoddy Engineering Board

and the International Passamaquoddy Fisheries

Board, Membership on the Boards included two

representatives each from Canada and the
United States. On October 3, 1956, the In-
ternational Joint Commission issued the
following directive to the two Boards:

"{a) The Engineering Board will carry
out all the engineering investigations and
studies necessary to enable the Commission
to prepare and submit to the Governments of
the United States and Canada a comprehensive
report on the proposed Passamaguoddy Tidal
Power Project, as requested by the two Gov-
ernments in a Reference to the Commission
dated 2 August, 1956.

(b} The Fisheries Board will study spe-
cifically the effects which the construction,
maintenance and operation of the tidal power
structures, proposed, might have upon the
fisheries in the area,

{c) In order to enable the Fisheries
Board to commence its studies and investiga-
tions without delay, the Engineering Board
is requested to forward to the Commission as
soon as possible, for transmittal to the
Fisheries Board, an outline of the various
project plans which the Engineering Board
proposes to investigate. Pending the sub-
mission of this information it is suggested
that the Fisheries Board proceed with its
studies on the basis of the general plans
outlined in the March 15, 1950 Report of the
previous International Passamaquoddy Engi-
neering Board.

{(d) In order that each of the Boards may
be fully aware at all times of the progress
being made in the investigations and studies
carried out by the other Board, each Beard
is requested to keep the Commission currently
informed regarding the investigations and
studies it is conducting. The Commission

will undertake responsibility for promptly
transmitting the information thus received
to the other Board, together with such sug-
gestions or instructions as may appear to
be appropriate.

(e) In accordance with the desire of the
two Governments as evidenced by the terms of -
the Reference the Engineering Board is re-
quested tc review and to utilize, insofar as
is practicable, existing reports and plans
such as the Report of 15 March 1950, sub-
mitted to the Commission by the previous
International Passamaquoddy Engineering Board,
and the supplemental report of May, 1952 pre-
pared by the Corps of Engineers, United
States Department of the Army.

{(f) Each Board is authorized to establish
such committees and working groups as may be
required to effectively discharge the Board's
responsibilities.

{(g) In accordance with the desire ex-
pressed by the two Governments, the Commis-
sion will endeavor to complete its various
investigations and studies under the Refer-
ence within a three year period and submit a
comprehensive report covering the subject
matter of the Reference as scon as possible
thereafter. In order that this may be done,
the Commission would appreciate receiving
the final reports of both Boards prior to
1 October, 1959,

(h) Each Board will prepare and submit
semi-annual progress reports to the Commis-
sion on or about 31 March and 30 September
of each year and such other reports from
time to time as the Commission may direct
or as the Board may consider desirable."

The Engineering Board established an Engi-
neering Committee to supervise the detailed
engineering studies of the tidal power proj-
ect. These studies were carried out primar-
ily by the U, S. Army Engineer Division, New
England, Corps of Engineers, and the Regional
Office of the United States Federal Power
Commission, New York. Canadian aspects of
the engineering studies were conducted by
the Department of Public Works, the



Department of Northern Affairs and National
Resources, and cother agencies of the Govern-
ments of Canada and New Brunswick. The
Fisheries Board appointed a Research Commit-
tee of Canadian and United States Scientists

to develop plans and to conduct the necessary
research on the fisheries of the Passamaquod-
dy region.

A Joint Engineering and Fisheries Commit-
tee of the Engineering and Fisheries Boards
was set up in accordance with directions
from the International Joint Commission dated
October 4, 1957. That Committee established
an appropriate and practicable line of demar-
cation between the work of the two boards and
outlined the methods of measuring benefits
and damages in matters of common interest to
the fisheries and engineering investigations.

Referral of Reports of the Engineering Board
and Fisheries Board to Interested Parties for
Review and Comment

On November 13, 1959, the International
Joint Commission issued a public notice stat-
ing that the comprehensive technical investi-
gations and studies necessary for the
preparation of the Commission's report were
completed, and that the final reports of the
two boards had been formally presented to the
Commission. In order to obtain the views of
- interested parties prior to formulation of
the Commission's report and recommendations
to the two Governments, the Commission made
the reports of the Boards available for exam-
ination at convenient places in both coun-
tries. In addition; copies of the report
were sent to the Maine delegation in the
United States Congress; the New Brunswick
members of the Canadian Parliament; interest-
ed agencies of each Government; State, Pro-
vincial, and local governments and officials
concerned; and others,

In response to the Comrmission's public no-
tice inviting comments on the reports of the
Boards, numerous communications were received.
Most of these communications favoured the
tidal power project in principle but dealt
only in very general terms with the details
of the Board's reports.

Commission Hearing on Findings of Engi-
neering and Fisheries Boards Reports

On April 22, 1960, the International Joint
Commission conducted a public hearing in the
Calais Memorial High School, Calais, Maine,
for the purpose of receiving testimony and
evidence bearing on the findings and conclu-
sions set forth in the reports of the Inter-
national Passamaquoddy Engineering Board and
the International Passamaquoddy Fisheries
Board.

The Calais hearing was attended by a total
of about 200 persons from the United States
and Canada, including a representative of the
United States Congress, the Governor of the
State of Maine, representatives of Federal,
State, Provincial, County, and Municipal
agencies, local civic groups, and other in-
terested individuals. Twenty-nine persons
presented briefs or oral testimony at the
hearing. About two-thirds of these were
favourably inclined toward the tidal power
project. In addition to the testimony pre-
sented at the hearing, several communications
commenting on the tidal power project were
received by the Commission and included in
the record of the hearing. These communica-
tions, for the most parf, were favourable to
the tidal power project. The views expressed
at the hearing are covered more fully in the
section dealing with the public hearing.



REPORT OF THE ENGINEERING BOARD

Scope of the Survey

The report of the International Passama-
quoddy Engineering Board sets forth the
results of a comprehensive survey to deter-
mine the engineering and economic feasibility
of developing the international tidal power
potential of Passamaquoddy Bay in Maine and
New Brunswick and the effects which such a
project might have on the local and naticnal
economies in the United States and Canada.
It includes within its scope the results of
investigations of the following subjects:
the engineering and economic aspects of the
tidal project by itself; the engineering and
economic aspects of the tidal project com-
bined with an auxiliary source of power sup-
ply to supplement the varying output of the
tidal power plant; the market for and value
of the power from the tidal power project
with and without an auxiliary; and the possi-
ble beneficial and damaging effects that
construction of the tidal project may have on
the regional and national economies.

Field Investigations

In order to formulate the best plan of
development for the tidal power project, it
was necessary for the Engineering Board to
conduct a series of field investigations and
studies of site conditions in the Passama-
quoddy-Cobscook Bay area. These investiga-
tions included aerial mapping, deep and
shallow water drilling, land drilling, under-
water mapping, analysis of soils, and tide
gauging. Core drilling in great water depths
and high tidal velocities and underwater map-
ping by newly developed sonic equipment
constituted two of the most costly and diffi-
cult undertakings of the survey. Highly
specialized sonic equipment was utilized to
chart the bottoms of the bays and determine
depths of overburden.

The Selected Tidal Power Project

In crder to determine the most efficient
arrangement of works for the tidal power
project, estimates were made by the Engineer-
ing Board to determine the average annual
energy available and the construction cost of

a considerable number of alternative arrange-
ments. Since the time required for manual
computation of the annual energy output of
each of the numerous possible project ar-
rangements was prohibitive, these computa-
tions were performed electronically by

digital computer. In this way, annual energy
generation could be determined for any proj-
ect arrangement, once its pool areas, number
of generating units, and number of filling

and emptying gates were established. The
project arrangement that revealed the best
relationship of power ocutput to cost was
selected for detailed design.

The project arrangement thus selected for
design includes the 101 square miles of
Passamaquoddy Bay as the high pool and the 41}
square miles of Cobscook Bay as the low pool,
with a powerhouse located at Carryingplace
Cove. The location of the tidal power proj-
ect is shown on Plate 1 and the general
arrangement of the selected plan of develop-
ment is shown on Plate 2.

The selected plan would provide an in-
stalled generating capacity of 300,000 kilo-
watts, a dependable capacity of 95, 000 kilo-
watts, and an average annual generation of
about 1, 843 million kilowatt-hours.

Components of the Project Selected for
Detailed Design

With the major aspects of the project
laycut determined, design studies were under-
taken by the Engineering Board of each compo-
nent of the selected plan - tidal dams and
cofferdams, filling and emptying gates,
navigation locks, powerhouse, turbines, and
generators - in sufficient detail to permit
reliable cost estimates. '

The 35, 700 linear feet of tidal dams are
located as far as practicable on foundations
of bedrock or granular material to aveid clay
overburden, The tidal dams, composed of clay
core supported by flanking dumped-rock fills,
are designed to permit greatest possible use
of materials excavated for the gate struc-
tures, navigation locks and the powerhouse.



Cofferdams of several different types,
depending on the depths to be unwatered,
would be used to excavate for the foundations
of the powerhouse, fiiling and emptying
gates, and navigation locks. Cofferdam de-
signs include embankments, log cribs with
timber sheathing, and steel sheet piling of
both circular and cloverleaf design.

The selected plan calls for 90 filling
gates, 40 in Letite Passage and 50 between
Western Passage and Indian River. In the
reach between Pope and Green Islets 70 empty -
ing gates, similar to the filling gates but
set at a lower elevation, would empty the
lower pool. Comprehensive study of all types
of gates léqd to selection of a 30' x 30' ver-
tical lift gate set in a venturi throat. The
venturi threoat permits maximum discharge for
a given gate area.

Four navigation locks are planned for the
selected tidal projéct. Two locks, one at
Little Letite Passage and one at Quoddy
Roads, would have clear dimensions of 95' x
25" x 12' to pass fishing vessels. Two
locks, one at Head Harbour Passage immediate-
ly east of the emptying gates and one at
Western Passage north of Eastport, would have
clear dimensions of 415" x 60' x 21' to pass
vessels somewhat larger than the present
traffic.

The powerhouse would be of the outdoor
type and would contain 30 generating units of
10, 000 kilowatts rated capacity each with an
overload of 15 percent. The turbines select-
ed for the project are the fixed-blade pro-
peller type with a maximum diameter of 320
inches and a speed of 40 revolutions per
minute, The generators would be connected in
banks of 7 and 8 to four 90, 000 kilovolt-
ampere transformers located on the upstream
side of the powerhouse and connected to the
switchyard by oil-filled high voltage cables,
Two transformers would operate at 230 kilo-
volts for supply to the United States and two
at 138 kilovelts for Canada.

A comparison of the performance of fixed-
blade and Kaplan turbines indicated that the
greater efficiency of the Kaplan turbine over
a wide range of heads was offset by its
greater cost. A new type of horizontal-axis,
bulb-type turbine-gemnerator unit recently

developed in Europe and adopted for use in
the single-pool tidal project in LaRance
Estuary on the northwest coast of France was
also studied by the Engineering Board for
possible use in the Passamaquoddy project.
This unit can be used as a turbine, pump, or
sluiceway, with flow in either direction.
Studies by the Board showed that the bulb-
type turbine-generator develops approximately
as much power as the Kaplan, and structural
studies indicated that the powerhouse struc-
ture would cost about $300, 000 less per unit
than with conventional units, This saving,
however, was off-set by the greater cost of
the bulb-type turbine-generator set and the
need to compensate for low rotative inertia,
For these reasons, and because of unresolved
maintenance problems, the Board adopted the
conventional fixed-blade type unit for cost
estimates of the Passamaquoddy project.

Auxiliary Power Sources Considered

In order to supplement the varying output
of the tidal power project, the Engineering
Board considered several different types of
auxiliary power sources to determine the type
best suited for meeting the power loads of
the region., These studies included river
hydroelectric plants, pumped-storage plants,
and steam-electric auxiliaries.

Armong a number of river hydroelectric
sites examined, Rankin Rapids on the upper
Saint John River in Maine, was selected by
the Board as the best source of auxiliary
power. The Rankin Rapids project would pro-
vide 2.8 million acre-feet of usable storage
capacity. Operated in conjunction with the
tidal plant, the combined project would pro-
vide 555, 000 kilowatts of dependable capacity
and 3, 063 million kilowatt-hours of average
annual generation.

Asg a possible alternative plan of develop-
ment, Rankin Rapids could be constructed,
initially, to carry part of the load in
Maine, with provision for later installation
of additional generating capacity which could
be used as an auxiliary power supply for the
tidal project. Energy thus borrowed from the
Rankin Rapids project when using the "incre-
mental capacity" would be repaid when tidal
output is greater than the load. This com-
bination would provide 355, 000 kilowatts of
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dependable capacity and 1, 843 million kilo-
watt-hours of average annual generation with-
out a serious effect on the basic Rankin
Rapids project {200, 000 KW and 1, 220 million
KWHrs).

Tidal power also could be supplemented by
means of a pumped-storage plant, Using power
from the tidal plant at times when it is not
required to meet load demands, water could be
pumped to a higher storage basin and released
through turbines as required to meet the
load. Since the output of the tidal plant
alone would vary from 95, 000 to 345, 000 kilo-
watts, a pumped-storage plant with 260, 000
kilowatts of installed capacity would provide
a dependable capacity of 323, 000 kilowatts
from the combined project. The average an-
nual generation would be 1, 759 million kilo-
watt-hours, A pumped-storage site on the
Digdeguash River near its outlet into Passa-
magquoddy Bay east of St. Andrews was adopted
by the Engineering Board for detailed study.

A steam-electric plant also could be used
to firm the potential power output of the

Installed

Capacit
(105%5 KW)

Project
Combination

(1) Tidal Project

Alone 300 95
(2) Tidal Project

and All of

Rankin Rapids 700 555

{3) Tidal Project
and Incremen-
tal Capacity
only at Rankin
Rapids 526 365

(4) Tidal Project
and Digdeguash
Pumped-Storage
Storage Project 560 323

Dependable

Capacit
1156% KW)
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tidal plant up to its rated capacity of

300, 000 kilowatts. Since the tidal plant
would have a dependable capacity of 95,000
kilowatts, a steam-electric plant would need
to supply a maximum of 205, 000 kilowatts.
This combination would provide about 2, 143
million kilowatt-hours of electric energy
annually. Since a steam-electric plant was
found to be economically the least favourable
type of auxiliary for the tidal power project,
this combination was not considered further
by the Engineering Board.

In summary, four project combinations were
selected by the Engineering Board for evalua-
tion of costs and benefits. These are;: (1)
the Passamaquoddy tidal project alone; (2)
the tidal project operated in combination
with all the Rankin Rapids project; (3) the
tidal project supplemented by incremental
capacity only at Rankin Rapids; and (4) the
tidal project supplemented by the Digdequash
pumped-storage auxiliary. Pertinent data for
these four project combinations, as deter-
mined by the Board, are summarized as fol-
lows:

Capital
Capital Investment
Average Invest- {Including
Annual ment Transmission
Generation {At Site) To Market)

(Billion KWF) {Millions of Dollars}

1.843 532.1 546. 8
3.063 687.7 732.1
1.843 565, 7 600.0
1. 759 568. 9 586. 4
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The Board concluded that the second of the
above combinations, the tidal project and all
of Rankin Rapids, would provide the most fa-
vourable project.

Conclugions of the Engineering Board
On the basis of its comprehensive studies,
the International Passamaquoddy Engineering

Board reached the following conclusions:

(1) A tidal power project using the

waters of Passamaquoddy and Cobscook Bays can

be built and operated. The two-pool type of
project is best suited for the site condi-
tions in the area and the power markets it
would serve. The tidal project arrangement
selected makes best use of the site condi-
tions.

{2) The first cost {construction cost) of
the tidal power project by itself would be
$484 million. With interest during construc-
tion, the investment would be $532. 1 million.
The tidal power project would have an in-
stalled capacity of 300, 000 kilowatts and a
dependable capacity of 95, 000 kilowatts. Aver-
age annual energy would be 1, 843 million
kilowatt-hours. However, for maximum power
benefits, the tidal power project would hawve
to be combined with an auxiliary power source,

(3) The most favorable project combina-
tion is the tidal power project operated in
conjunction with a river hydroelectric auxil-
iary built at the.Rankin Rapids site on the
upper Saint John River in Maine. The com-
bined cost of the tidal project and the
Rankin Rapids auxiliary is $630 million.
With interest during construction, the in-
vestment would be $687. 7 million. The de-
pendable capacity of this combination would
be 555, 000 kilowatts, and average annual
generation would be 3,063 million kilowatt-
hours.

(4} Construction of the tidal project -
Rankin Rapids combination would increase low
flows in the lower Saint John River by a con-
siderable amount, thus increasing substan-
tially the usefulness of the river for down-
stream generation of power. Downstream
benefits accruing to existing power plants
were included in the economic evaluation.

{5) The combination of the tidal power
project and the installation and use of
260, 000 kilowatts of capacity only at Rankin
Rapids for firming up the output of the tidal
power project would cost $515. 5 million.
With interest during construction, the in-
vestment would be $565. 7 million. This com-
binatien would provide a total dependable
capacity of 355, 000 kilowatts and an average
annual generation of 1, 843 million kilowatt-
hours.

(6) The tidal power project and the
Digdeguash pumped-storage auxiliary would
cost $518. 5 million. With interest during
construction, the investment would be $568. 9
million. The dependable capacity would be
323, 000 kilewatts, and average annual genera-
tion would be 1, 759 million kilowatt-hours.

{7) The total output from the tidal power
project and Rankin Rapids hydroelectric plant
can be absorbed readily by the growing
utility markets of Maine and New Brunswick.

(8) DBecause of differences in interest
rates prevailing in the two countries, and
because of different values of alternative
power, it was necessary to compute separate
benefit-cost ratios for United States and
Canada. Econcmic evaluations, assuming 50~
year and 75-year amortization periods, and
assuming that power output and project first
cost would be equally divided between the
United States and Canada, are tabulated
below:



50-Year Amortization
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75-Year Amortization

Benefit Cost per KW. -Hr., Benefit Cost per KW-Hr, ,
Cost Ratio {Mills) Cost Ratio {Mills)
Tidal Project Alone
United States 0. 60 10.8 0. 70 9.3
Canada 0.34 14. 9 0. 37 13.7
Tidal Project and All
of Rankin Rapids
United States 1.31 8.4 1.53 7.2
Canada 0.58 11.5 0.63 10.6
Tidal Project and
Incremental Capacity
only at Rankin Rapids :
United States 0.93 11.5 1. 08 9.9
Canada 0. 42 15. 8 0,45 14.5
Tidal Project and
Digdeguash Pumped-
Storage Auxiliary
United States 0.91 12.2 1. 06 10.5
Canada 0. 42 16. 8 0, 46 15. 4
{9) The inclusion of taxes foregone with {l1) Considerable annual recreation bene-

project costs is not the practicé in the
economic justification of public projects in
Canada, and due to the international nature
of the project, suth taxes have not been ap-
plied to United States' costs, However, if
they were included in the United States’
costs, the benefit to cost ratio of the most
favourable project combination would be re-
duced to 1. 10 for the 50-year amortization
period and to 1. 25 for the 75-year period.

(10) By including appropriate remedial
measures in the design of the tidal power
structures, the construction, maintenance and
operation of the tidal power project would
have only a minor residual effect on the
fisheries of the region.

fits would grow out of the construction and
operation of the tidal power project. How-
ever, the monetary value of these benefits
was not included in the economic evaluation.

{12) Assuming an equal division of power
output and of first costs between United
States and Canada, construction of the tidal
power project with all of Rankin Rapids as
auxiliary is not an economically justified
project for Canada,

{13) The Passamaquoddy tidal project and
Rankin Rapids combination, if built entirely
by the United States at an interest rate of
2-1/2 percent, is economically justified.
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REPORT OF THE FISHERIES BOARD

Scope of the Fisheries Investigation

The investigations of the Fisheries Board
were directed primarily toward determination
of the effect the tidal power project might
have on the fisheries of the area. Consider-
ation was given not only to the sardine
industry which accounts for most of the land-
ings in the area, but also to the fisheries
for cod, haddock, flounder, redfish, hake,
pollock, salmon, alewives, clam, smelt,
scallops, and lobsters. The Board's report
presents results of: studies of the present
oceanographic, biologic, and economic fea-
tures of the area; investigations perfaining
to temperature, salinity, tides and tidal
currents in the Bays, in the approaches, and
cutside the Bays; and biclogical studies of
fish populations, breeding grounds, nursery
areas, food and feeding habits and inter-
relationship of fish and their environment.

Conclusions of the Fisheries Board

On the basis of its studies, the Fisheries
Board reached the following conclusions:

1. The construction of dams in the tidal
passages will change the oceanographic fea-
tures of the Quoddy Region., Major changes
are anticipated inside Passamaquoddy and
Cobscook Bays and immediately outside the
dams. Effects outside the Head Harbour-Bliss
Island line will likely be insignificant.

2. The mean water level of Passamaquoddy
Bay will be raised about 6 feet while the
mean level of Cobscook Bay will be lowered
about 5 feet., The mean '"tidal" range in the
high pool and low pool will be reduced to
approximately 4 feet and 8 feet respectively.
The tidal range of the Bay of Fundy may in-
crease approximately one percent with a maxi-
mum increase at the head of this Bay of less
than one foot.

3. Current patterns in Passamaquoddy and
Cobscook Bays and in the approaches will be
altered markedly since the emptying and fill-
ing gates will be closed for about 9 and
9-1/2 hours respectively during each tidal

" 30 to 50 feet.

cycle of 12-1/2 hours. When the gates are
open, velocities in most areas should be only
slightly lower than at present. The residual
counterclockwise circulation in Passamaquoddy
Bay will likely be more pronounced. Tidal
streams in the outer Quoddy Region will prob-
ably be altered by not more than 20 percent.
No change in nen-tidal circulation is anti-
cipated for the Bay of Fundy.

4. Reduced velocities in Passamaquoddy
and Cobscook Bays will result in decreased
vertical mixing, giving rise to increased
stratification and hence to greater seasonal
variations in surface water temperature. The
summer maximum is likely to be in the vicini-
ty of 68 degrees Fahrenheit while in winter
an ice cover is expected over part of the
Bays. ©Outside, little change is expected ad-
jacent to the emptying and filling gates
where there will be a slightly greater sea-
sonal variation.

5. Mean surface salinities for both pools
will be lowered but bottom salinities are
likely to be altered only slightly. It is
doubtful if fresh water will penetrate below
Flushing time is expected to
increase substantially. Outside, no significant
change is expected except near the emp-
tying gates where there will be a slight
reduction in salinity.

6. Oxygen concentrations of the deep
water inside the dams may be lowered some-
what, especially during periods of maximum
fresh water discharge. However, it is un-
likely to fall below 50 percent saturation.

7. The herring population is produced
outside the Quoddy Region, probably off
southwest Nova Scotia, The general abundance
of herring in the Bay of Fundy and the Gulf
of Maine is unlikely to be affected.

8. Echo-sounder records show that a large
proportion of herring are in the open waters
of Passamaquoddy Bay where no fishing takes
place. Tagging experiments show that herring

- move freely throughout the Quoddy Region

during the fishing season.



9  Since there are unlikely to be any
significant changes in oceanographic condi-
tions outside the dams, herring should arrive
in this area as before. Little change is
expected in current velocities in the ap-
proaches to the filling gates when open.

Since velocities are well above the maximum
sustained swimming speed of herring, the
fish will be carried through the filling

gates. Since the filling gates are open for
about 6 hours each day, movement of herring
into Passamaquoddy Bay is expected to be de-
layed. This is also true for Cobscook Bay
where entry will be chiefly through turbines.
Although the rate at which herring accumuiate
will be slower, there should be no reduction
in over-all abundance inside the Bays.

10. Predicted changes in temperatures and
salinities are expected to make the areas
inside the dams no less favourable for her- -
ring except in isolated areas where high
temperatures and low salinities may cause
some mortality. Predicted pressures and
rates of pressure change between the turbine
intakes and exits are within limits which
herring can withstand.

11. No relationship between herring land-
ings and various meteorological and oceano-
graphic conditions including surface drift,
river discharge, wind speed and direction,
zooplankton, temperatures, and salinities is
apparent,

12, Long-term statistics of herring land-
ings show year-to-year variations in individ-
ual weir catches and in total catches in
various parts of the Quoddy Region. These
are of far greater magnitude than the changes
that can be forecast as resulting from the
dams,

13. No measurable change in groundfish
landings in the Quoddy Region is anticipated,
but a change in species composition of the
fraction of the catch taken inside the dams
is expected. Inside the dams, winter floun-
der fisheries may increase while haddock and
pollock fisheries will be greatly reduced.
Clam fisheries will be greatly reduced for a
period of ten years and then may become re-
established at a lower level of production.
Scallop stocks should increase substantially.
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Inside the dams, a modest increase in produc-
tion of lobsters is anticipated, Conditions

for anadromous species such as Atlantic sal-
mon and alewives may be improved. Smelt,
shad, and sea-run trout stocks should in-
crease. Striped bass and tom cod thrive in
areas where conditions of temperature and
salinity are similar to those predicted for
Passamaquoddy and Cobscook Bays. Some reduc-
tion is expected in the availability of

matrine worms and rockweed.

14. Six existing herring weir sites will
be eliminated by the construction of dams,

‘Other weirs must be relocated or altered to

suit the new oceanographic environment. Weir

- atakes and nets will have to be increased in

size to suit new water levels. The result-
ant fixed costs are estimated at $129, 000.
Wood borer activity is expected to increase.
Ice will cause some damage to weir materials
during the winter. The annual cost of weir
operations will rise approximately $10, 000.
It is conceivable that weir owners may dis-
continue their investments in weirs inside
the dams. A shift to alternative methods of
fishing could be expected to maintain the
fishery, at least at its present level.

15. Lobster fishermen are not expected to
be adversely affected, but physical damages
due to relocation of lobster pounds, re-
frigeration of water, or extension of intake
pipes are expected to cost $450, 000, Changes
in the clam fishery may result in a loss of
capital investment in plants valued at
$100, 000 and an annual loss in primary pro-
duction of $104, 000 for 10 years. The dis-
appearance of some groundfish from inside the
dams will result in an annual loss of approx-
imately $3,000.

16. Fish passage facilities for anadromous
species were estimated by fisheries engineers
to cost $3. 0 million.

On completion of the preliminary engineer-
ing design, which complied with the criteria
set down by the Fisheries Board, the Engi-
neering Board determined that incorporation
of the fish passage facilities in the initial
design and construction would increase the
project costs by only $919,100.
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PUBLIC HEARING

Public Hearing at Calais, Maine

On April 22, 1960, the International Joint
Commission conducted a public hearing in
Calais, Maine, for the purpose of obtaining
the views of all parties concerned with the
international Passamaquoddy tidal power proj-
ect.

Many of the witnesses at the hearing urged
construction of the Passamaquoddy tidal power
project with the Rankin Rapids project as an
auxiliary. They stressed that this combina-
tion project could be expected to have a
favourable impact upon the efforts of Maine
and New Brunswick to expand industrially, and
that construction and operation of the proj-
ect would greatly enhance the economy of the
region. They asserted that the Rankin Rapids
project is the logical source of power for
firming the power output of the tidal plant,
and that construction of the project would
not destroy the Allagash wilderness area in
Maine as some alleged. Some proponents ex-
pressed the view that recreational patronage
accorded the Allagash area in recent years
was slim and unprofitable, and that over-all
recreational use of the area could he ex-
pected to increase with construction of the
Rankin Rapids project. Members of the State
of Maine's Delegation in the Congress, the
Governor of Maine, the Maine Governor's Com-
mittee on Passamaquoddy Bay, and representa-
tives of local governments in the region went
on record in support of the combination
Passamaquoddy-Rankin Rapids project presented
in the report of the Passamaguoddy Engineer-
ing Board.

On the other hand, several witnesses
raised objections to the tidal power project
alone and to the tidal project combined with
the Rankin Rapids project. A spokesman for
privately -owned electric utility companies in
New England argued that neither the tidal
plant alone nor the tidal plant with an aux-
iliary is economically feasible. A similar
view was expresgsed by a representative of a
Special Committee of Maine Engineers. This
Committee included representatives of the
Maine section of the American Society of
Civil Engineers, the Maine Section of the

American Institute of Electrical Engineers¥®
and the Maine Association of Engineers. A
spokesman for the New Brunswick Electric
Power Commission expressed the view that the
tidal power project with or without an auxil-
iary was not economically justified insofar

as Canada is concerned.

Several witnesses from Canada urged
further consideration of the Cumberland
Basin-Shepody Bay tidal power scheme and of
potential developments in the Saint John and
Hamilton Rivers with the suggestion that
these possibilities should be considered in
evaluating future sources of power supply for
the region,

Conservationists raised objections to the
Rankin Rapids project because of inundation
of the Allagash wilderness area. They ad-
vocated the alternative Big Rapids-Lincoln
School development if this reach of the Saint
John River is to be utilized as a source of
firming power for the tidal project. This
alternative was favoured by the Maine Depart-
ment of Inland Fisheries, the United States
Bureau of Sports Fisheries of the Department
of the Interior, and numerous organizations
interested in conservation.

Representatives of fishery interests in
the Passamaquoddy Bay region expressed con-
cern that their sources of sardine supply ‘
might be damaged by construction of the tidal
project. They asserted that the risk to the
fishery inherent in the development of the
tidal power project is so great as to out-
weigh any indicated benefits to the region.
They expressed the hope that the fishing in-
dustry would be compensated for any damages
that might result from construction of the tidal
power project.

% - The Acting Secretary-Treasurer of the
Maine Section of the American Institute of
Electrical Engineers informed the Commission
by letter dated May 16, 1960, that the find-
ings of the Special Committee of Maine Engi-
neers do not necessarily represent the
opinions of all members of that Section.
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PROBLEMS OF PROJECT FORMULATION AND ECONOMIC EVALUATION

The Problem of Tidal Power Production

As indicated previously, tidal power can
be produced by passing water from a higher to
a lower elevation through hydraulic turbines,
Unaffected by droughts, floods, or ice jams,
the tides provide a dependable source of
power and can be predicted with accuracy,
One of the principal disadvantages of tidal
power production is that four times a day the
tides reverse direction, thus causing varia-
tions in available power, Development of a

workable method of producing continuous power

from such a varying flow constitutes one of
the principal problems of formulation of a
tidal power project.

The generation of large amounts of tidal
power reguires one or more storage pools. A
single pool has the serious disadvantage of
producing varying and intermittent power,
because no power can be generated when there
is insufficient difference between the level
of the storage pool and the level of the
ocean. Thus no generation is possible until
the ocean has receded sufficiently to obtain
this difference in water levels, or the power
head; nor is generation possible on the
rising tide after the level of the ocean
becomes too high to provide this necessary
minimum head. This disadvantage is reduced
in the two=-pool plan adopted by the Engineer-
ing Board, which generates varying power but

a certain minimum amount of continuous power.

Need for an Auxiliary Source of Power {o
Supplement the Variable Output of the Tidal
Project

Another disadvantage of the tides as a
source of power is that the tides, following
the gravitational pull of the moon as it
passes overhead every 24 hours and 50 min-
utes, are out of phase with the 24-hour sclar
day. This 50-minute daily lag is fundamental
to the economics of tidal power for, since
power output varies with the tides, tidal
power is out of step with the normal pattern
of power demands. Therefore, unless the
tidal plant is supplemented by an auxiliary
power plant, such varying power would be of

limited value. The diiferent types of auxil-
iary power sources studied by the Engineering
Board to determine the type best suited for
making the combined power output of the tidal
project and its auxiliary match the charac-
teristic load pattern are discussed on Page 8
of this report.

The Rankin Rapids-Allagash Problem

The Rankin Rapids site is located in Maine
downstream from the junction of the Allagash.
River and the main stem of the Saint John
River. Development of this site would flood
a series of rapids in the lower reaches of
the Allagash River. These rapids are es-
teemed by many sportsmen for the trout fish-
ing and the white water canoeing they afford
although the number of visitors has not been
great in recent years. Their flooding by
construction of the Rankin Rapids reservoir
is strongly opposed by associations and
agencies concerned with preservation of
recreation and wildlife resources.

An alternative to the Rankin Rapids proj-
ect was considered by the Engineering Board
in order to determine the best means of com-
prehensive development of the upper St. John
River with due consideration to all the uses
of the water resources. The alternative
would consist of a two-dam project, with a
high dam at the Big Rapids site, upstream
from the mouth of the Allagash River, and a
low dam at the Lincoln School site, a short
distance downstream from the Rankin Rapids
site. The two-dam plan would greatly reduce
the extent of inundation of the lower Alla-
gash River and also mitigate possible losses
to fish and wildlife.

The Engineering Board estimated that the
Rankin Rapids project would produce 68,000
kilowatts of capacity and 215 million kilo-
watt-hours a year more than the Big Rapids~
Lincoln School project. The Board also
estimated that the unit cost of power would
be 20 percent more at the Big Rapids-Lincoln
School project than at Rankin Rapids. Be-
cause of the greater drainage area, usable
storage capacity, and regulated outflow,



20

Rankin Rapids would improve conditions for
further power development on the downstream
Saint John River to a greater extent than the
alternative Big Rapids-Lincoln School proj-
ect. Moreover, the larger installed generat-
ing capacity at Rankin Rapids permits
greater utilization of the tidal power poten-
tial. In view of these findings, the Engi-
neering Board selected the Rankin Rapids
project as the river hydro auxiliary for the
tidal power project.

Because of the opposition of certain
groups in the United States to the develop-
ment of the Rankin Rapids site, the Engineer-
ing Board undertook to secure the views-of
the Bureau of Sports Fisheries and Wildlife,
Fish and Wildlife Service of the United
States Department of the Interior, The
Bureau stated that the Rankin Rapids project
would injure the fish and wildlife assets of
the area more than the Big Rapids-Lincoln
School combination. It recommended a series
of measures for the protection of the fish
and wildlife resources of the area regardless
of the auxiliary project selected. The
measures recommended by the Bureau are as
follows:

{1) Establishment of a framework for
management of fish and wildlife resources.

{2) Provision of public access.

{3) Purchase of additional lands for
wildlife management purposes.

(4) Modification of land clearing plans.
{5) Construction of barrier dams.

{6) Provision for minimum flows as re-
quired to benefit downstream fisheries.

(7} Provision for a fish hatchery and
rearing facilities.

{8) Management of tributary streams.

{9} Sub-impoundments for waterfowl within
reservoir maximum flow line.

(10} Control of reservoir pool elevations
and provisions for spawning beds,

{11} Control of release temperatures,

Consideration should be given to all the
measures listed above if construction of
either the Rankin Rapids or Big Rapids-
Lincoln School auxiliary is undertaken.

Disparity of Interest Rates and Other
Economic Factors Between the United States
and Canada

For the purpose of selecting the most
favourable tidal project plan, the Engineering
Board compared the ratios of construction
cost to average annual generation for the
various possible plans considered. Estimaies
of the capital costs of the tidal project
combinations made by the Engineering Board
were based on United States currency and
January 1958 price levels.

In computing the annual costs of project
plans, it was found that there are differ-
ences between the two countries in interest
rates and other economic factors, In the
United States, projects such as this are as-
sumed to be financed by the federal govern-
ment., Thus, the Engineering Board computed
interest during construction and annual power
costs for the United States portion of devel-
opment using interest at 2-1/2 percent, since
that was the rate recommended, at the time of
the survey,; by the United States Bureau of
the Budget for use by federal agencies in
evaluating water resource development proj-
ects. 1/ For the Canadian share of develop-
ment, which was assumed to be financed by an
agency of the Province of New Brunswick, an
interest rate of 4-1/8 percent was used,
because that was the rate used in Janvary
1958 by the federal government of Canada on
loans to crown corporations and provincial
governments, No amount for taxes was in-
cluded in the annual project costs applicable
to either country.

The annual power benefits of the tidal
project combinations were measured by the
Engineering Board on the basis of the cost
of power from modern steam-electric plants
in Maine and New Brunswick., In view of the
present ownership and predominant type of
generating plants of the respective electric

1/ On July 26, 1960, the Bureau of the Bud-
get recommended that this rate be increased
to 2-5/8 percent.



power systems, it was deemed appropriate to
assume that the most likely alternative power
supply, in the absence of the tidal project,
would be privately-financed steam-electric
plants in Maine and publicly-financed plants
in New Brunswick. In computing the annual
costs of the steam-electric plants in Maine,
the Engineering Board used 6. 00 percent as
the cost of money and included an amount for
taxes equal to 4. 44 percent of the capital
investment. Annual costs of steam-electric
plante in New Brunswick were based on an in-
terest rate of 4-1/8 percent and on including
no amount for taxes since the public power
agency of the Province does not pay taxes.

In view of these disparities in practices,
the Engineering Board prepared separate
economic analyses showing ratics of benefits-
to-costs applicable to each country's share
of the development. These analyses assumed
that the capital costs and project power
would be divided equally between the two
countries. In addition to comparing the
United States' share of project costs, using
interest at 2-1/2 percent and excluding
taxes, with the cost of providmng equivalent
power by steam-electric plants, using cost
of money at 6,00 percent and including taxes,
the Engineering Board showed benefit-cost
ratios for the United States' share with an
item of '""taxes foregone," amounting to about
$9 per kilowatt of dependable capacity, in-
cluded as an economic cost of the project.

Economic Impact of the Tidal Power Project
on the Region

An evaluation was made by the Engineering
Board of all possible beneficial and damaging
effects that construction of the tidal proj-
ect, with and without an auxiliary source of
power, may have on the regional and national
economies. The Board concluded from these
studies that the tidal project and its auxil-
itary would have a favourable impact on all
segments of the economy of Maine; and that
the effect on the general economy of New
Brunswick would be the same as that of any
other block of power of equal size and cost
developed to satisfy the growing power de-
mand. Power market studies by the Engineer-
ing Board indicate that the anticipated load
growth in the region will be sufficient to
absorb a block of power equal to the ouiput
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of the tidal plant and its auxiliary by 1980
or earlier,

Construction of the tidal power project
would produce an important short-term econom-
ic impact on the economy of Maine and New
Brunswick. Estimates by the Engineering
Board indicate that during the six-year con-
struction period of the tidal project alone,
total investment outlays in Maine and New
Brunswick would amount to about $200 million.
The spending of this money would probably
stimulate an additional $200 million expendi-
ture which would have a beneficial effect on
the region's wholesale and retail trade.

The Passamaquoddy tidal power project
would attract a great many visitors. The
Engineering Board estimates that had the
tidal project been in existence in 1957,
about 800, 000 visitors from the United
States and Canada would have been attracted
to the area. In accordance with a practice
that has been followed in some cases by the
United States Army Corps of Engineers water
resources projects might be credited with
recreational benefits ranging from $0. 50 to
$1. 50 per visitoer day. Using a median value
of $1. 00 per day, and assuming that each
visitor spends one day at the project, the
recreation benefits would be at least
$800, 000 per year. In addition to recreation
benefits, other benefits undoubtedly would
result from the increased local economic ac-
tivities due to a greater number of visitors.

The Passamaquoddy tidal project would re-
quire no fuel. On the basis of estimates by
the Engineering Board, the tidal project in
combination with the Rankin Rapids hydro-
electric plant would produce power equivalent
to that from 1, 280, 000 tons of coal, or ap-
proximately 5, 700, 000 barrels of oil a year.

Construction of the dams, locks, and
gates would provide foundations on which 7
miles of public highways could be built to
connect the Canadian coastal highway in New
Brunswick with the United States coastal
highway in Maine. Although the desirability
of such a new link in the highway systems of
the two countries is evident, the monetary
benefits have not been estimated. Other
benefits stemming from construction of the
highway would be the increased recreational
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use of Campobello and Deer Islands that
should follow the provision of a ready ac-
cess to these attractive areas.

The Passamaquoddy tidal project, the
Rankin Rapids project, and the Digdeguash
pumped-storage project each would affect the
fisheries in the waters they would control.
The Fisheries Board studied the effects that
the tidal project would have on the fisher-
ies in the Bay of Fundy and within the tidal
project in Passamaquoddy and Cobscook Bays.
The Board found that the tidal project would
have very little effect on the important
sardine industry in the region, and only a
mrinor effect on other fisheries. It should
be noted that the estimated cost of the tidal
project includes approximately $450, 000 for
modifications in or relocation of the lob-
ster pounds at St. Andrews. The Rankin
Rapids project would flood substantial
reaches of the Allagash and Saint John Rivers
in Maine which now support an important trout
fishery, particularly on the Allagash River.
Changing portions of the Saint John or
Allagash Rivers from fast-water streams to
deep hydroelectric project reservoirs would
change the type of fish and fishing which
would prevail, Other wildlife hahbitat would
also be affected. As indicated previously,
the Bureau of Fisheries and Wildlife of the
United States Department of the Interior con-
sidered the problem and recommended that
remedial measures be taken if the project is
built, The Digdeguash River now supports a

small run of Atlantic salmon which would be
destroyed by construction of the pumped-
storage auxiliary, Methods of restoring this
run were not determined,

The firm of Arthur D. Little, Inc. of Cam-
bridge, Massachusetts, was engaged by the
Engineering Board to make an economic survey
of Maine to determine all possible potential
uses for the power from the Passamaquoddy
project. Ome of the primcipal aims of this
survey was to identify industries that might
be attracted to the area by the availability
of a new source of dependable power at a
price they would be willing to pay. These
studies indicated that the economic impact of
the availability of the project's power would
not be significant unless power were made
available to industry at a cost considerably
less than the current estimate of the cost of
power from the project. The firm of Arthur D.
Little, Inc., concluded that the course of
economic development in the State of Maine
as a whole would not be significantly af-
fected by construction of the tidal project.

A similar economic survey of New Brunswick

was made by Professor Eugene Grasberg and
Professor H. J. Whalen of the Department of
Economics of the University of New Brunswick,
This survey indicated that the mere availa-
bility of electric power from the Passama-
quoddy project cannot be expected to spark

and propel economic growth in New Brunswick,



23

FEASIBILITY OF THE PASSAMAQUODDY TIDAL
POWER PROJECT AS VIEWED BY THE COMMISSION

The Commission has carefully reviewed the
conclusions of the Engineering Board with
respect to the engineering and economic
feasibility of developing the international
tidal power potential of Passamaquoddy Bay
and the findings on which these conclusions
are based, The Commission is in general
agreement with the engineering findings of
the Engineering Board. However, as regards
the economic analysis, the Commission con-
siders it appropriate to modify certain of
the Board's assumptions in considering the
tidal project alone and in conjunction with
auxiliary power sources in the area,

The feasibility of the Passamaquoddy tidal
power project as viewed by the Commission in
the light of the findings of the Engineering
Board will be discussed in this section,
first from the standpoint of its engineering
feasibility and secondly its economic feasi-
bility. The economic analysis of the tidal
power project alone and of each of the proj-
ect combinations studied by the Board will be
discussed separately with particular atten-
tion given to points on which the Commission
differs from the Board in the determination
of benefit-cost ratios. The unit cost of
power also will be developed to show the
relative cost of Passamaquoddy power either
alone or with an auxiliary source compared
with the cost of power from alternative
steam-electric plants that are likely to be
constructed in the absence of the project,

To assist the two Governments in apprais-
ing certain public values of the tidal proj-
ect beyond those normally considered in
determination of benefit-cost ratios for
proposed hydroelectric developments, the
Commission will, in concluding its feasibili-
ty analysis, discuss the effect that consid-
-eration of these values might have on the
economics of the project.

Engineering Feasibility

The tidal project plan selected by the
Engineering Board poses difficult engineering

problems which, although challenging, are not
insurmountable. Small portions of the tidal
dams are in water depths ranging from 125 to
300 feet. The difficulties of closing these
dams in the face of restricted and greatly
increased velocity heads pose engineering and
design problems without precedent. In view
of these problems, several outstanding ex-
perts in the fields of hydraulic engineering
and soil mechanics were consulted by the
Engineering Board and model studies were made
of deep tidal dams to determine the best and
most economical design and methods of con-
struction. The Board concluded from these
studies that tidal dams could be built in the
deep water passages by use of a granular core
rlaced by special bottom-dump buckets, and
that all other tidal dams could be built with
conventional land and marine equipment, To
overcome the increased tidal velocities
during construction, the progress of work on
the dams could be scheduled so that the fill-
ing and emptying gates would handle part of
the tidal ebb and flood,

The cofferdams required for construction
of the filling and emptying gates, as well as
for navigation locks and the powerhouse,
would be subjected to heads as high as 60
feet, whereas the heads on the completed
structures would not exceed 26 feet. Con-
struction of cofferdams of this magnitude
constitutes one of the major engineering and
construction tasks of the Passamaquoddy tidal
power project. While they will be expensive,
there appear to be no grounds for apprehen-
sion that these cofferdams cannot be built.

Based on its review of the studies by its
Engineering Board, the Commission is of the
opinion that a tidal power project using the
waters of Passamaquoddy and Cobscook Bays
could be built and operated.

Economic Analysis

Determination of the economic feasibility
of a proposed hydroelectric development,
whether in a conventional river project or a
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tidal project, involves a comparison of the
value of the power, or power benefits, with
the power costs. Normally, a proposed power
development is not considered to be econom-
ically feasible if the benefit-cost ratio is

less than 1. 0.

Power benefits are usually measured by or
limited in value by the cost of power from
the most likely alternative source in the
market area, giving due consideration to any
differences in transmission costs and losses
and in operating characteristics bhetween the
alternative plant and the proposed hydro-
electric project. In the Maine and New
Brunswick area, as well as in many other
areas of the United States and Canada, the
alternative power source is considered to be
a modern steam-electric plant. It is con-
sidered also that such an alternative plant
in Maine would be privately financed, and in
New Brunswick publicly financed, consistent
with the present and expected future practice
in these two areas.

In analyzing the economic feasibility of
the several tidal project combinations con-
sidered by the Engineering Board, the Commis-
sion has assumed that the capital costs and
the project power would be divided equally
between the two countries.

The annual cost of power assigned to the
United States is determined on the basis of
federal financing, assuming an interest rate
of 2-1/2 percent and an amortization period
of 50 years. ''Taxes foregome', defined as
the amount of taxes which would not be col-
lected as a result of a federal power devel-
opment rather than the most likely alterna-
tive development, are included in the hydro-
electric power costs in an amount approxi-
mately equal to the taxes included in the
estimated steam-electric power costs used in
deriving power benefits, Such inclusion
places the United States costs of the tidal
project combinations and of alternative
steam-electric plants on a comparable basis
for purposes of economic analysis, The above
criteria are in accord with those used by
federal agencies in the United States con-
cerned with water resource development.

The annual cost of power assigned to
Canada is determined on the basis of

non-federal public financing, assuming an
interest rate of 4-1/8 percent and an amor-
tization period of 50 years., No tax item is
included in the hydroelectric power costs
since nome would be paid on alternative
steam-electric plants. These criteria are

in accord with the practice in New Brunswick,

As indicated in the foregoing, there are
differences between United States and
Canadian practices in deriving both the
annual power values and annual power costs,
For this reason, it is necessary to compute
separate benefit-cost ratios for the two
countries, each applicable to that country's
share of the project power. The over-all
economic feasibility of the tidal project
combinations, United States and Canada, may
be determined by comparing the total benefits
and costs of the combinations.

Under the conditions and criteria dis-
cussed above, and on the basis of information
in the Engineering Board's report, the Com-
mission has considered the economic feasi-
bility of the tidal project alone and in
combination with the several sources of firm-
ing power studied by the Board. The results
of this economic analysis are discussed in
the following paragraphs and summarized in
Table 1.

Tidal Project Alone

This project would have an installed
capacity of 300, 000 kilowatts, of which
95, 000 kilowatts would be dependable. Average
annual generation would amount to 1, 843
million kilowatt-hours. The project invest-
ment, including transmission, would be
$546, 800, 000.

For the United States, the annual power
benefits would amount te $5, 977, 000 and the
annual power costs $10, 343, 000, resulting in
a benefit-cost ratio of 0.58, For Canada,
the annual power benefits would be
$4, 663,000, the annual power costs
$13, 665,000, and the benefit-cost ratio 0. 34.
For the entire project, United States and
Canada, the benefit cost ratio would be 0, 44,

Studies by the Engineering Board, based on
somewhat different economic assumptions, also
failed to provide a ratio of unity.



TABLE 1 POWER AND ECONOMIC DATA
AS DERIVED BY
THE INTERNATIONAL JOINT COMMISSION

Tidal Project
and Incremen-

Tidal Tidal Project Tidal Project tal Capacity Tidal Project
Project and Steam- and Digdeguash only at and all of
Alone Electric Plant Pumped-Storage Rankin Rapids Rankin Rapids
Power Data (Entire Project)
Installed Capacity
Tidal Project 1,000 KW 300 300 300 300 300
Auxiliary 1,000 KW - 220 260 226 400
Dependable Capacity 1,000 KW 95 300 323 355 555
Avg, Annual Generation, Million Kwh 1,843 2,143 1, 759 1, 843 3,063
Economic Data (United States Half of Project)
Capital Investment Million Dollars 271.6 297.5 292.6 300.5 367.6
Annual Power Benefits t " 5.977 10, 365 9,719 9,779 16, 782
Annual Power Costs " R 10. 343 13.615 12.134 12. 154 15. 302
Benefit-Cost Ratio 0. 58 0,76 0.80 0, 80 1.10
Economic Data (Canadian Half of Project)
Capital Investment Million Dollars 275. 2 297.6 293.8 299.5 364.5
Annual Power Benefits " " 4,663 6.900 6,177 6. 043 10.235
Annual Power Costs ' " 13. 665 16.014 14,669 14. 527 17.610
Benefit-Cost Ratio 0.34 0.42 0.42 0. 42 0. 58
Economic Data (Entire Project)
Capital Investment Million Dollars 546. 8 595.1 586. 4 600.0 732.1
Annual Power Benefits " " 10. 640 17.265 15. 896 15. 822 27.017
Annual Power Costs " 1 24,008 29,629 26,803 26,681 32,912
Benefit-Cost Ratio 0. 44 0.58 0.59 0.59 0. 82

Notes: Capital investment includes cost of transmission lines.
Benefit-cost ratios are determined &t the project sites, with appropriate allowance for transmission costs.
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It is evident that construction of the
tidal power project by itself is economical-
ly infeasible by a wide margin.

Tidal Project Combined with Steam-
Electric Capacity

Under this plan, the 300, 000 kilowatts
installed capacity at the tidal project is
assumed to be combined with 220, 000 kilo-
watts of steam-electric capacity to provide
a total dependable capacity of 300, 000 kilo-
watts. The average annual generation
would amount to about 2, 143 million kilo-
watt-hours. The project investment would
be $595, 100, 000,

For the United States, the annual benefits
would amount to $10, 365, 000, the annual costs
$13,615, 000, and the benefit-cost ratio 0. 76.
For Canada, the annual benefits and costs
would amount to $6, 900, 000 and $16, 014, 000
respectively, and the benefit-cost ratio 0. 42.
For the entire project, United States and
Canada, the benefit-cost ratio would be 0. 58.
None of the studies using less rigorous
criteria resulted in a ratio as high as unity.

Tidal Project Combined with Digdeguash
Pumped-Storage~-Project

The installed capacity of this combination
project would be 560, 000 kilowatts, of which
323, 000 kilowatts would be dependable.
Average annual generation would amount to
1, 759 million kilowatt-hours. The total
project investment, including transmission,
would be $586, 400, 600.

For the United States, the annual power
benefits would total $9, 719, 000 and the an-
nual power costs $12, 134, 000, giving a
benefit~-cost ratio of 0. 80. For Canada, the
annual power benefits and costs would amount
to $6, 177,000 and $14, 669, 000, respectively,
and the benefit-cost ratio 0. 42, For the
entire project, United States and Canada, the
benefit-cost ratio would be 0. 59.

The only favourable benefit-cost ratio
(1. 06) derived in the Engineering Board's
studies in this commbination was for the
United States' share of the power, assuming
a 75-year amortization period and excluding
taxes foregone from project costs.

The Commission is of the opinion that the
Digdeguash pumped-storage project could be

used as a realistic auxiliary to the tidal
power project, and that the combination of

the two in a single economic analysis is

sound in principle. Combined with the tidal
project, the Digdeguash pumped-storage proj-
ect could utilize off-peak power from the

tidal plant to pump water from Passamaquoddy
Bay to the reserveir. However, power from
the tidal project combined with the Digde-
guash pumped-storage project would be more
costly than power from available alternative
sources.

Tidal Project Combined with Incremental
Capacity at Rankin Rapids

The concept of using incremental capacity
only at Rankin Rapids as an auxiliary to the
tidal project assumes that the Rankin Rapids
site would be developed first with 200, 000
kilowatts of dependable capacity to serve
loads wholly in the State of Maine. An
additional 260, 000 kilowatts of dependable
capacity {226, 000 kilowatts installed) would
be provided at this site specifically for firm-
ing the tidal project output. The combined
dependable capacity of this combination
{the tidal project plus 260, 000-kilowatt
incremental capacity at Rankin Rapids) would
be 355,000 kilowatts, capable of generating
1, 843 million kilowatt-hours of electric
energy annually. Under this combination,
when the tidal plant output drops below the
load to be carried, the energy deficiency
would be borrowed from the basic Rankin
Rapids project, using the 260, 000-kilowatt
incremental dependable capacity provided for
this purpose, and repaid when tidal energy
exceeds load. Thus, there would be no net
energy withdrawal from the basic Rankin
Rapids project (200, 000 kilowatts and 1, 220
million kilowatt-hours). In this way, Rankin
Rapids and the tidal project could provide
355, 000 kilowatts of dependable power for
the load at a 60 percent annual load factor.
Accordingly, the Commission believes that
"incremental capacity' at Rankin Rapids
constitutes a realistic auxiliary to the tidal
project, and that the treatment of the com-
bination in a single economic analysis is
valid. The project investment, including
transmission, would be $600, 000, 000. Only
the incremental cost of the additional (260, 000
kilowatts) capacity installation at Rankin
Rapids is charged against the combination
project.



For the United States, the annual power
benefits would amount to $9, 779, 000, the an-
nual power costs $12, 154, 000, and the bene-
fit-cost ratio is 0. 80. For Canada, the annual
power benefits would be $6, 043, 000, the an-
nual power costs $14,527,000, and the bene-~
fit-cost ratio 0. 42. For the entire project,
United States and Canada, the benefit-cost
ratio would be 0. 59.

Asg in the case of the combination with the
Digdepguash pumped-storage project, the only
favourable benefit-cost ratio for this combi~
nation (1. 08) in the Engineering Board's
studies was that for the United States' share
of the power, assuming a 75-year amorti-
zation pericd and excluding taxes foregone
from project costs.

Tidal Project Combined with all Rankin
Rapids

In this plan, as proposed by the Engineer-
ing Board, 300,000 kilowatts installed capacity
at the tidal project would be combined with
all of the capacity and energy available at
Rankin Rapids (400, 000 kilowatts installed,
460, 000 kilowatts dependable, and 1. 22 billion
kilowatt-hours) to provide a total dependable
capacity of 555, 000 kilowatts and an average
annual generation of 3, 063 million kilowatt-
hours, The project investment would be
$732, 100, 000,

For the United States, the annual power
benefits would be $16, 782, 000, the annual
power costs $15, 302, 000, and the benefit-cost
ratio 1. 10. For Canada, the annual benefits
would be $10, 235, 000, the annual costs
$17,610,000, and the benefit-cost ratio 0. 58,
For the entire project, United States and
Canada, the benefit-cost ratio would be 0, 82,
Downstream benefits estimated to be $953, 000
annually were assumed in deriving these
ratios.

Although the criteria used in certain
studies by the Engineering Board resulted in
a higher benefit-cost ratio for the United
States' share of the power from this combina-
tion, nec studies made by the Board gave a
favourable benefit-cost ratio for the
Canadian share,

The Engineering Board found that, with a
50-year amortization period, the benefit-cost
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ratio for the tidal project combined with all

of Rankin Rapids would be greater than unity

(1. 31), and concluded that this combination,

if built entirely by the United States at an
interest rate of 2-1/2 percent, would be
economically justified. However, the Commis-
sion believes there is an economic fallacy in
the concept of such a combination project.

The facts presented in the Engineering
Board's report and in this report show that,
when considered alone, the tidal project is
clearly uneconomic, Its benefit-cost ratio
with a 50-year amortization period is con-
siderably less than unity both for the United
States and Canadian shares of the project
power. On the other hand, the Rankin Rapids
project with 200, 000 kilowatts installed when
considered alone has a benefit-cost ratio
somewhat in excess of unity; i.e., 2.0 for
United States federal development. In the
Board's economic analysis, the costs and
benefits of the uneconomic tidal project are
added to those of the economically feasible
Rankin Rapids project to determine the bene-
fit-cost ratic of this possible combination
project. The Commission is of the opinion
that a benefit-cost ratio determined on this
basis is not a valid representation of the
economic worth of the tidal project, and the
ratio of 1. 31 determined by the Engineering
Board for the combination project cannot be
construed as indicating economic feasibility
for the tidal power project. Hence, the
findings of the Commission do not include
consideration of this combination project.

Unit Cost of Power

While the benefit-cost ratios summarized
in Table 1 for the Tidal project alone and
the proposed project combinations provide a
ready comparison of their relative economic
value, they do not reveal the relative unit
costs of power. Energy cost per kilowatt-
hour furnishes a more direct basis for com-
parison of the cost of tidal power with other
sources of power in the area, Unit costs of
energy from tidal project combinations are
summarized below. The cost of energy from
alternative steam-electric plants is shown
for comparison since such plants are the most
likely alternative source of a comparable
block of power for Maine and New Brunswick
in the absence of the tidal project. In ac-
cordance with present practice, alternative
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COMPARISON OF UNIT COST OF POWER FROM TIDAL PROJECT
AND FROM ALTERNATIVE STEAM-ELECTRIC PLANTS

Unit Cost of Energy - Mills per Kwh

At-Site

At-Market 1/

Power Source United States Canada United States Canada

1. Tidal Project Alone 26.2 42.8 28.9 43.8
2, Tidal Project and Steam-

Electric Capacity 13.5 18.6 15.0 19.6
3. Tidal Project and Digdeguash

Pumped-Storage Project 12,2 16.8 13.5 17. 4
4., Tidal Project and Incremental

Capacity at Rankin Rapids 11.5 15.8 13.4 17.3
5. Alternative Steam-Electric

Plants 10. 6 7.3 11. 6 7.4

_1_/ Includes cost of Transmission of Power firom Project Site to the Market.

steam-electric plants in Maine are assumed
to be privately financed and in New Bruns-
wick, publicly financed.

For the purpose of this comparison, "taxes
foregone' are not included in the United
States' share of the Tidal project costs (as

was done in the economic analyses summarized

in Table 1) because rates for the sale of
power from federally-financed projects are
customarily established on the basis of re-
turning only the power costs actually in-
curred. Unit energy costs for both the Tidal
project and the alternative steam-electric
plants are calculated on the basis of about

60 percent load factor, to present them on a
uniform basis, This is the approximate pres-
ent annual load factor of the utility systems
in the area.

It will be noted that the unit costs of
energy for the Tidal project alone are con-
siderably higher than the 10.8 mills and 14,9
mills shown in the Engineering Board's report
for the United States and Canadian shares of
the power. Since the Board's figures were
determined without regard to the 60 percent
load factor limitation placed on the combi-

nation projects, they do not provide a proper
basis for comparison of unit costs. The
Commission has, therefore, adjusted the
Board's figures to a 60 percent load factor
basis, and credited to the project costs {at a
steam-energy replacement value of 5. 0 mills
per kilowatt-hour in the United States and

4, 4 mills in Canada as derived by the Engi-~
neering Board) all energy that could be pro-
duced in excess of a 60 percent load factor,
This adjustment results in unit at-site costs
of 26. 2 mills for the United States' share and
42. 8 mills for the Canadian share of the Tidal
project power, It may be expected, however,
that in actual operation, the dependable ca-
pacity (95, 000 kilowatts) of the Tidal project
would be used at about 100 percent load factor.
Under such operaticn, the unit cost of energy
would be 18. 2 and 27.5 mills in Maine and
New Brunswick, respectively.

It will be observed from the preceding
tabulation that alternative steam-electric
plants in Maine and New Brunswick, financed
in accordance with present practices; could
produce power at a lower cost than either the
Tidal project alone or any of the project
combinations. It may be noted that this



tabulation does not include the combination
of the Tidal project and all of Rankin Rapids
for the reasons indicated on page 27. In
comparing the United States' costs, it should
be noted that the Tidal project and the proj-
ect combinations are assumed to be federally
financed, while the alternative steam-elec-
tric plants are assumed to be privately
financed, as previously pointed out,

In the discussion of the combination of
the Tidal projects with all of Rankin Rapids
as proposed by the Engineering Board, the
Commission points out that, if constructed
alone to serve power loads in the State of
Maine, the Rankin Rapids project could pro-
vide 200, 000 kilowatts of dependable capacity
and 1, 220 million kilowatt-hours average an-
nual energy. If this project were construct-
ed with private financing, power could be
produced at a unit cost of about 11. 0 mills

‘per kilowatt-hour at the dam-site and 13.0
mills per kilowati-hours delivered to the
market. On the basis of federal financing at
the 2-1/2 percent interest rate used in this
report and 50-year amortization of the in-
vestment, the unit cost would be about 3. 8
mills at site and 5. 3 mills at market, In
addition to supplying a large block of
relatively low cost power for the State of
Maine, the Rankin Rapids project would pro-
vide substantial benefits to downstream
hydroelectric plants in New Brunswick.

Economic Feasibility

On the basis of the foregoing economic
analyses, the Commission finds that the tidal
project alone is not economically feasible
and could not provide firm power at a unit
cost as low as the cost of power from new
alternative steam-electric plants that could
be built in the area to meet its future power
requirements. None of the proposed combina-
tion projects considered by the Commission to
be valid would provide an economic develop-
ment for either the United States or Canada
if they are evaluated on the basis of the
usual practices followed in the two countries
in determining the economic feasibility of
proposed hydroelectric projects.

The Commission notes, however, that the
tidal project could provide certain public
benefits in addition to those which have been
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evaluated in monetary terms in determining
benefit-cost ratios as previously described.
Important among such benefits would be the
recreation value of the project. It is be-
lieved that the uniqueness of the tidal proj-
ect would make a substantial contribution to
the large recreation industry of the area by
attracting many visitors. The Engineering
Board points out that on the basis of evalu-
ation procedures currently used by the Corps
of Engineers, the potential recreation bene-
fits of the project would be at least $800, 000
per year. Inclusion of these benefits in the
foregoing analyses would improve slightly
the benefit-cost ratio but would not alter the
indicated conclusions as tc economic
feasibility of the project.

Other potential project benefits not evalu-
ated in the benefit-cost analyses include
those to navigation and to the highway sys-
tems of Maine and New Brunswick. The cost
esfimates prepared by the Engineering Board
include navigation locks adequate for the
volume of current traffic and for a moderate
increase in vessel size. While the Board made
no attempt to determine the future ship traf-
fic in the project area, the Commission
recognizes that the availability of an upper
pool having considerably less range in its
levels than now occurs with normal ebb and
flood of the tides might stimulate greater
traffic to shipping points on Passamaquoddy
Bay. These possibilities may justify further
study of navigation values in the future.

A highway system built on the approximate-
ly 7' miles of tidal dams could replace the
present ferries serving the Passamaguoddy Bay
area and provide a conmnecting link between
United States and Canadian coastal highways
that would shorten the highway distance be-
tween Whiting, Maine, and St. George, New
Brunswick by about 40 miles. Ready access
would alsc be provided to Campobello and Deer
Islands thereby increasing their recreational
value. Neither the Engineering Board nor the
Commission has attempted to estimate in mone-
tary terms the potential highway value of the
tidal dams.

Other factors, largely subject to policy
determination, that could have an effect on
the economics of the tidal project are: pos-
sible changes in interest rates, allowance of
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a longer amortization period, and exclusion
of taxes foregone from the United States
costs. In addition, it may be noted that any
increase in fuel costs in the project area
would have a favourable affect on the benefit-
cost ratio by increasing the value of the

tidal project power.

Table 2 illustrates the cumulative effect
on the project's benefit-cost ratios of as-
sumed variations from the project benefits
and costs determined by the International
Joint Commission. The curmulative effects are
shown in relation to the Commission's basic
analyses presented in Table 1 using conven-
tional evaluation practices in the United
States and Canada. The assumed variations
from the basic assumptions are as follows:
{1) a uniform interest rate of 3 percent for
both the United States and Canada; {2} amor-
tization of the project investment in 75
vears instead of 50 years; (3) allowance of
$800, 000 for annual recreational benefits
{one-half to each country); and (4) taxes
foregone eliminated from United States costs.

It may be seen from Table 2 that none of
the assumed variations from the basic evalu-
ation made by the Commission would result in
a benefit-cost ratio of unity for the tidal
project alone or in combination with either
incremental capacity at Rankin Rapids or the
Digdeguash pumped-storage project. An in-
crease as great as 25 percent in fuel costs

would still not provide a benefit-cost ratio
of unity for the Canadian share or for the
entire project.

As to other possible effects of future
trends on the economics of the project, the
Commission notes that improvements in equip-
ment design and construction methods may re-
sult in some saving in project costs. It is
possible, for example, that further experi-
ence with bulb-type generating units may lead
to savings through their adoption and use in
the tidal project.

The Commission recognizes the existence of
other tidal power potentials in the area and
that their comnstruction might provide suffi-
cient diversity of power production to en-
hance the marketability of power from the
International project considered for Passa-
magquoddy Bay.

The Commission also recognizes that fac-
tors other than strict economic feasibility
based on tangible benefits and costs, and
which were not taken into account by the Com-
mission, may be of importance to the two
Governments in arriving at decisions to
undertake resource development projects such
as this. Such factors might include the de-
velopment of new and unique sources of power,
the conservation of fossil fuel resources,
and the provision of employment opportunities
in economically depressed areas.



Table 2

EFFECT ON BENEFIT-COST RATIO QF
ASSUMED VARIATIONS FROM THE PROJECT BENEFITS
AND COSTS DETERMINED BY THE INTERNATIONAL JOINT COMMISSION

Tidal Project and Incremental (1)

Tidal Project Alone Capacity_only at Rankin Rapids
Assumptions for United States United States
Determination of and and
Benefit-cost Ratios United States Canada Canada United States Canada Canada

Basic Analysis
using Conventional Evaluation
Practices in United States
and Canada, .
(From Table 1) 0.58 0. 34 0. 44 0. 80 0.42 0.59

Cumulative Effect of
Successive Variations from
Basic Analysis:

1. Annual costs based on
uniform interest rate
of 3% for both countries 0. 52 0. 42 0.47 0.72 0.52 0.63

2. Awmortization of Capital
investment in 75 years. 0. 60 0. 49 0. 54 0.83 0.59 0.72

3. Allowance of $800,000
annual recreation benefits.
{$400, 000 to each country) 0. 64 0.53 0. 58 0. 86 0. 63 0. 75

4. With taxes foregone
eliminated from United States
costs. 0. 66 0.53 0. 60 0. 99 0.63 0. 81

(1) This combination project is shown in the Table for illustrative purposes,
The combination with Digdeguash pumped-storage would give approximately the same results.

1¢
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FINDINGS OF THE INTERNATIONAL JOINT COMMISSION ON
SPECIFIC POINTS OF THE REFERENCE

The reference to the International Joint
Commission by the Governments of Canada and
the United States requested findings on cer-
tain specific points with respect to develop-
ment of the international tidal power poten-
tial of Passamaquoddy Bay in the State of
Maine and the Province of New Brunswick.
These findings follow:

(a) The estimated cost of developing the
international tidal power potential of Passa-
maguoddy Bay

On the basis of the detailed studies of
the Engineering Board, the Commission finds
the estimated costs, using United States cur-
rency and January 1958 price levels, of the
tidal project alone and in combination with
several possible sources of firming power to
be as follows:

Capital Invest-
ments, including

Generating Capacity Avg., Ann. Transmission
(1000 KW) Energy to Market
Project Installed Dependable (Million KWH) (Million Dollars)

1. Tidal Project alone 300 95 1,843 546. 8
2. Tidal Project and Steam-

Electric Capacity 520 300 2,143 595,11
3. Tidal Project and Digdeguash

Pumped-Storage 560 323 1,759 586, 4
4. Tidal Project and Incre-

mental Capacity at Rankin

Rapids 526 355 1,843 600.0

The at-site-unit costs per kilowatt hour
of producing electric energy from the Tidal
project alone is estimated to be 26. 2 mills
for the United States' share of the power and
42. 8 mills for Canada’'s share based on a 60
percent annual load factor. Based on a 100
percent load factor the unit costs would be
18. 2 mills and 27. 5 mills for the United
States and Canada, respectively.

The unit costs per kilowatt hour of energy

of power from a combination of the tidal
project with either incremental generating
capacity at the Rankin Rapids reservoir site
in Maine or the Digdeguash pumped-storage
site in New Brunswick would be approximately
12 mills for the United States' share of the
power and 16 mills for Canada's share. The
Rankin Rapids and Digdeguash sites are con-
sidered the lowest cogt means available of
supplying auxiliary power for the tidal
project.



(b) Whether such costs will allow hydro-
electric power to be produced at a price
which is economically feasible

The Commission finds that the tidal proj-
ect either alone or in combination with
auxiliary power sources is not economically
feasible if it is evaluated in accordance
with the conventional methods of economic
analysis of hydroelectric projects in the
United States and Canada. On the basis of
such evaluation standards, the benefit-cost
ratios for the tidal project alone would be
0. 58 for the United States and 0. 34 for
Canada. For the project as a whole, the
benefit-cost ratio would be about 0. 44,

Using either the Digdeguash pumped-storage
auxiliary in Canada or incremental generating
capacity at the Rankin Rapids project in the
United States, the benefit-cost ratio for

each combination project would be 0. 80 for
the United States and 0, 42 for Canada, The
over-all benefit~cost ratic for each of these
combinations would be about 0. 59,

If, as a matter of policy applicable to
this intermational project, the Governments
of the United States and Canada wish to adopt
criteria different from the conventional con-
cepts of economic analysis with respect to
such factors as interest rates, amortization
period, taxes foregone, and allowance of
recreation benefits, the benefit-cost ratios
for the combination project (Tidal project
and Digdeguash or Tidal project and incre-
mental capacity at Rankin Rapids) would, as
shown in Table 2, become 0. 99 for the United
States, 0.63 for Canada, and 0. 81 for the two
countries combined.

Construction of the Rankin Rapids dam and
reservoir on the Upper Saint John River in
the State of Maine would be prerequisite to
its use to supply incremental firming capa-
city for the tidal project. The Rankin
Rapids project could be constructed initial-
ly with an installed generating capacity of
200, 000 kilowatts to supply economic hydro-
electric power to the State of Maine and
downstream benefits to hydroelectric plants
on the Saint John River in New Brunswick,
Such a plan of development would not preclude
later use of Rankin Rapids as a source of
firming power by construction of 260, 000
kilowatts of additional dependable capacity
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at the site to be operated in coordination

with and as an auxiliary to the tidal proj-

ect. The Commission is of the opinion, how-
ever, that it would not be consistent with
sound practices of economic analysis of hy-
droelectric projects to combine the basic
Rankin Rapids project (200, 000 kilowatts and
1,220 million kilowatt-hours) with the tidal
project to determine the economic worth of
the tidal project.

In short, the Commission finds that the
tidal project, either alone or in combination
with auxiliary power sources will not permit
power to be produced at a price which is com-
petitive with the price of power from alter-
native available sources.

(¢) The effects, beneficial or otherwise,
which such a power project might have on the
local and national economies in the United
States and Canada

Because of the relatively high cost of
development of the tidzl power potential, the
Commission finds that construction of the
tidal project would not appreciably affect
industrial development in the project area,

Construction of the project would have
substantial, although short-term, beneficial
effect on the economies of Maine and New
Brunswick during the six-year construction
period resulting from expenditures of over
$200, 000, 000 for goods and services.

The uniqueness of the tidal project and
the creation of two large salt water lakes in
an area where recreation is already an im-
portant industry would result in the pro-
vision of additional recreation benefits.

Since the tidal project would raise the
level of the Passamaquoddy Bay high pool and
decrease the tidal range, navigation condi-
tions would be improved in the Saint Croix
River estuary and at Saint Andrews and other
ports on Passamaquoddy Bay. In the low pool,
on the other hand, the beneficial effects of
decreasing the tidal range would be partially
offset by lowering the maximum level of
Cobscook Bay to a point below the level of
normal high tide. Navigation conditions in
the lower pool in the Falls Island and Lubec
area, which rapid tidal currents now occur,
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would be improved during a considerable por-
tion of the tidal cycle. In general, tidal
velocities in the project area would be re-
duced, except in areas immediately adjacent
to the gates when open.

Construction of the tidal dams, locks and
gates wonld provide foundations on which an
international highway could be built connect-
ing the present coastal highways in Maine and
New Brunswick, reducing the travel distance
from Whiting, Maine to St. George, New
Brunswick by about 40 miles. Ready access to
the recreational advantages of the large
islands in Passamaquoddy Bay alsc would be
provided by this highway.

(d) Specifically, the effects which the
construction, maintenance, and operation of
the tidal power project might have upon the
fisheries in the area.

On the basis of the extensive studies of

the Fisheries RBoard, the Commission {inds
that by providing for relocation and modifi-
cation of existing fisheries facilities and

by including appropriate remedial measures in
the design of the tidal power structures,
construction and operation of the tidal power
project would have very little effect on the
important sardine industry in the region and
only a minor effect on other fisheries.

The Rankin Rapids project would flood sub-
stantial reaches of the Allagash and Saint
John Rivers in Maine which now support an
important trout fishery, Construction of
this project would change the type of fishing
which now prevails. Other wildlife habitat
would also be affected.

The Digdeguash River now supports a small
run of Atlantic salmon which would be des-
troyed by construction of the pumped-storage
auxiliary. Methods of restoring this run
were not determined.
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RECOMMENDATIONS

In view of the finding that the Passama-
quoddy tidal power project is not economically
feasible under present conditions, the Com-
mission recommends that development of the
project be viewed as a long-range possibility
having better prospects of realization when
other less costly energy resources available
to the area are exhausted. In making this
recommendation, the Commission wishes to.
point out that the economic feasibility of
the project may be affected by future changes
in the costs and benefits considered in the
present evaluation of the project. The two
Governments may wish to give consideraticn to
the desirability of crediting the tidal project

with certain public benefits that have not been
included in the economic feasibility determi-
nation presented in this report.

The Commission recommends, further, that
thig report with the accompanying reports of
the Engineering and Fisheries Boards be made
available to all interested parties as a valuable
source of relevant engineering and economic
data for use in any future study of the possi-
bilities for development of the international
tidal power potential of Passamaquoddy Bay.

Signed at Washington this 4th day of April
1961,

Edward A, Bacon
A. G, L. McNaughton
Fugene W. Weber
J. Lucien Dansereau
Francis L. Adams

D. M. Stephens



